Tropical storm Nate, which was a powerful hurricane prior to landfall along the 12 Alabama coast, traversed north towards our instrumented site in Hunstville, AL. The rain bands 13 lasted 18 h and the 2D-video disdrometer (2DVD) captured the event which was shallow and 14 indicative of pure warm rain processes. Measurements of raindrop size, shape and velocity 15 distributions are quite rare in pure warm rain and are expected to differ from cold rain processes. standard deviations from the (80 m fall) 2D-video data and has given confidence in using the 43 average oblate axis ratio versus D relations used in rain rate retrieval algorithms.
3 of 16 temperature at 2-m height was around 73-75 deg F (23-24 deg C) during much of the storm period 93 (02 to 20 hr UTC). A X-band vertically-pointing Doppler radar [15] located a few meters also made 94 observations over the entire storm event, and a C-band dual-polarization radar (ARMOR) [16] , [17] , 95 located 15 km from UAH had made regular and frequent scans over the site. The derivation of contoured shapes in two orthogonal planes from 2DVD measurements has 106 been presented in a number of previous publications [18] , [19] , [4] ). Several years later, the 107 contoured shapes in the two orthogonal planes were used to derive the 3-dimensional particle 108 shapes which have been described in [6] , [7] , and [9] . The procedure involved in the drop contour 109 derivation also includes a 'deskewing' technique which not only yields the corrected contoured 110 shapes for each drop but also its horizontal velocities along the x and y axes, which in turn enables 111 the magnitude and direction to be determined. Along the z-axis, the matching procedure from the 112 2DVD's two camera images (A and B) enables the fall speeds to be determined on a drop-by-drop 113 basis. However, due to a number of limitations, the velocity and shape information can only be 114 retrieved for relatively large drops, in particular for drops with equi-volume diameter larger than 115 1.5 or 2 mm. When performing scattering calculations, it is the larger drops which will have the 116 highest contributions to the polarimetric radar variables such as differential reflectivity and copolar 117 correlation coefficient and differential backscatter phase.
118
The 2DVD measurements during the entire Nate event revealed that the drop diameters (Deq) 119 did not exceed 4 mm. There were 601 drops with Deq > 2.5 mm out of 1,467,540 drops in total; out of 120 these, only 79 drops exceeded 3 mm and only 12 drops exceeded 3.5 mm. One of the biggest drops 
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The magnitude and direction of drop horizontal velocities for all drops > 2 mm derived from 126 the 2DVD deskewing procedure are shown as red points in panels (a), and (b) of Fig. 2 , respectively.
127
They are compared with the anemometer measurements at 10 m height (black points) from the same 128 location for most of the storm period (02 to 20 hr UTC). Note some 'smoothing' was applied to the 138 few drops show significantly negative percentages (< -30%) which could be due to the well-known 139 response to turbulence. However, majority of the drops have fall velocities within the expected 140 range of their theoretical fall speeds (e.g. [21] for sea level). 
153
The 3D shapes of each raindrop was reconstructed with Matlab-software using the procedure 154 described in [6] and [7] . For each drop a STL-file (STL for stereolithography) was generated that 155 characterize the surface geometry of the drop without specifying material or scale information. The 
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Since the shape is fixed for a given drop size, the scattering amplitude will be expected to be a single 194 curve for a given polarization. Furthermore, the rotational symmetry of the drop shape will result in 195 RCS being independent of the look angle. The scatter in the RCS values for the reconstructed drops 196 is of course due to both variation in shapes and the variation with look angle, but even so they 197 appear to lie evenly scattered on both sides of the two (solid black and dashed black) curves.
198
The differential reflectivity of each reconstructed drop is obtained from the difference between 199 the horizontal and vertical polarization radar cross-sections. Because both the H and V radar cross 200 sections for any given drop will vary with the look angle, its differential reflectivity will also have a 201 φ variation. This has been illustrated in [9] in terms of the complex scattering amplitudes for both 
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The set of panels in Fig. 6 summarizes the drop sizes for the period during which Deq >2.5 mm 
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Once again, we summarize the important observations: (i) that TS Nate did not produce drops 241 larger than 4 mm over Huntsville (as mentioned earlier); (ii) δ(Zdr) can be significant but overall they 242 tend to be distributed evenly around the 0 dB level, although the larger drops (> 3 mm) δ(Zdr) shows 243 tendency to be slightly more negative, i.e. drops being somewhat closer to spherical in shape; (iii) 244 that the skewness towards negative δ(Zdr) values are more apparent at around just prior to 15:00
245
UTC when the wind speeds are seen to increase and the change in wind direction is more rapid. It is 246 around this time, that the fall velocities also show a small but noticeable number of drops having 247 lower than expected velocities. This may provide further evidence that turbulence may contribute 248 toward enhanced amplitude of mixed mode oscillations, as was observed in two earlier studies, one (1)
275
The distribution of δ(Zdr) in panel (b) is visibly more symmetric than panel (a), although the 276 extent of the distribution is slightly wider than panel (a).
278
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1-minute based Zh, Zdr calculations and comparisons with ARMOR

288
To compute the overall back scatter reflectivity from the individual scattering amplitudes, for 289 example over a 1-minute period, we perform drop-by-drop integration of the radar cross-sections 290 (strictly speaking the covariance matrix elements) during that time period. If we denote the 291 H-polarization reflectivity for the i th drop as zi h , then the overall reflectivity from all drops over the 292 1-minute period is given by:
where A is the measurement area of the 2DVD, Δt is the averaging time period, and vi is the vertical 296 velocity of the ith drop. For V polarization, similar integration is performed using the corresponding 297 RCS values, zi v . Both are converted to the conventional dBZ units and Zdr for that 1-minute period is 298 determined from the difference between the two.
299
The 1-minute based calculations for the entire 18 hour event period is shown in Fig. 9 and 300 compared with the C-band ARMOR radar data over and in the vicinity of the disdrometer site.
301
Panel (a) shows the Z comparison, and panel (b) the Zdr comparison. After 05:00, there is excellent 302 agreement in both cases. Some smoothing has been applied to both sets of plots in order to reduce 303 the noise and show more clearly the close agreement. Prior to 05 hr UTC, radar Z appears to be 304 somewhat lower than the simulations and the Zdr slightly higher. It was around this time that the 305 retrieved horizontal drop velocities (from 2DVD measurements) showed some discrepancy with the 306 wind sensor data. Hence it is possible that the shape reconstruction is not precise enough to provide 307 sufficiently accurate scattering amplitudes. On the other hand, the radar data shows highly 308 fluctuating Zdr at the beginning of the storm, so that too may have contributed to the discrepancy. 
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Regarding point (iii), we have seen from Fig. 4(c) how the scattering amplitudes can be 376 different for the reconstructed drops compared with those using a specific drop shape-size 377 relationship (e.g. from [1]). The differences can be significant for both polarizations, although the 378 two curves for the fixed shape-size variation lie somewhere in the middle of the scatter (of the 392 2009). As mentioned earlier, the larger drops also showed a considerable reduction in fall speeds 393 during the same time interval. For the TS Nate, the convection was at best very moderate which
